Background: This research investigated the association between facial flushing after drinking and alcohol-induced biomarker abnormalities.
INTRODUCTION
Reactions to the same amount of alcohol may differ between individuals and among ethnic groups. One of the main symptoms of drinking is flushing, which is caused mainly by an accumulation of acetaldehyde. Genetic polymorphisms of alcohol dehydrogenase and aldehyde dehydrogenase (ALDH), the enzymes that metabolize alcohol, affect the process. 1) The expression of inactive ALDH2 isoenzyme, which is Korean J Fam Med also called the Asian variation, is associated with decreased acetaldehyde metabolism. The difference in acetaldehyde metabolism between the allele enzymes can cause variations in alcohol metabolism among individuals. [2] [3] [4] As a result, patients with the inactive ALDH can experience flushing, palpitations, nausea, and vomiting after drinking alcohol due to the accumulation of acetaldehyde. 5) In contrast to the 2.9% to 21.4% of Westerners who exhibit flushing after drinking, the proportion in Asians is much greater at 60% to 80%, [6] [7] [8] due to the fact that many Asians have significantly low ALDH2 gene activity.
9)
The biological markers related to excessive drinking help clinicians to treat patients who drink excessively by serving as diagnostic and feedback data for patients. Among the biological markers, the liver enzyme gamma glutamyl transferase (rGTP) and carbohydrate-deficient transferrin (CDT) have been commonly used in the clinical field due to their high sensitivity in identifying patients who drink excessively. 10) rGTP is an alcohol marker that directly reflects the level of damage in the liver. CDT can be presented as a quantitative value or as %CDT, which is a comparable quantification to the total amount of transferrin.
The quantitative value may be affected by pregnancy, anemia, or liver disease, whereas the sensitivity and specificity of %CDT is unaffected by these conditions. Therefore, %CDT is considered an excellent biological marker.
11)
Considering the fact that rGTP and %CDT are effective biological markers, and given that many Asian people show flushing after drinking, it is relevant to investigate the relationship between the volume of alcohol consumed and these alcohol biomarkers with post-alcohol flushing, as individuals who show facial flushing may be more sensitive to alcohol. However, few studies have addressed this topic. The present study was conducted to investigate the differences between flushers and non-flushers in weekly level of alcohol consumption required to induce abnormal increases in rGTP and %CDT levels.
METHODS

Subjects
Participants were 374 adult male drinkers who visited 2012-004-04).
Data Collection
Basic data, including history of alcohol intake and alcohol markers (rGTP and %CDT), were obtained from medical records. The level of CDT was measured through %CDT immunonephelometry using N Latex CDT Kit (Siemens, Marburg, Germany). 12) The reference values of %CDT were recommended as 1.19 to 2.47 by a study that targeted 561 healthy adults in whom an elevated level of alcohol consumption had been excluded. 13) The usefulness of %CDT among Korean males has already been studied. 14) The level of rGTP was measured 
RESULTS
General Characteristics of Research Participants
The mean ± SD age, BMI, and weight of the flushing group were 54.4 ± 10.5, 24.8 ± 2.7 kg/m 2 , and 70.0 ± 9.5 kg, respectively, and those of the non-flushing group were 52.5 ± 11.0, 25. 
The Correlation between Drinking Level per Week and Biological Markers (%CDT and rGTP)
In the flushing group, drinking level per week was significantly correlated with %CDT (P < 0.010, r = 0.608) and rGTP (P < 0.010, r = 0.313) levels. These correlations were also significant in Values are presented as mean ± SD or number (%).
*By independent-samples t-test or chi-square test. † One drink: ethanol 14 g.
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the non-flushing group (%CDT, P < 0.010, r = 0.274; rGTP, P < 0.010, r = 0.340). Additionally, there was a significant correlation between %CDT and rGTP in both groups (P < 0.010, r = 0.213; P < 0.010, r = 0.226, respectively) ( Table 3 . To objectively evaluate excessive drinking, biological markers including liver enzyme levels have been used, but no ideal biological indicators that reflect excessive drinking exist.
18)
The traditional biological markers indicating excessive drinking are AST, ALT, rGTP, and %CDT, and the American Psychiatric In contrast, the optimal cut-off level for drinking that provokes either %CDT or rGTP abnormality in the flushing group was suggested as 3.38 drinks, which was much lower than the level for the non-flushing group. That is, a lower volume of alcohol caused an increase in the biological markers of alcohol in the flushing group, likely due to an increase in alcohol and acetaldehyde. It has been well known that the accumulation of alcohol and acetaldehyde increases the activity of sialidase and decreases glycosyltransferase, 22, 23) resulting in inhibition of the bond between carbohydrate and transferrin. Furthermore, it has been documented that liver damage caused by acetaldehyde is more significant in the flushing group than in the non-flushing group. 24) Thus, the drinking level per week for rGTP must be lower in the flushing group than in the non-flushing group as well. Based on the results of our study, i.e., the cut-off point for inducing abnormality in %CDT or rGTP, ≥ 3 drinks is thought to be equivalent to heavy drinking in Korean males with alcoholinduced flushing in clinical practice. The results of the current study showing that %CDT has a higher specificity and lower sensitivity compared to rGTP in both flushers and non-flushers correspond well to those of earlier studies. [25] [26] [27] In conclusion, the results of the current study showing that subjects with alcohol-induced facial flushing are more vulnerable to alcohol coincides with the results of previous research, which indicated that the amount of alcohol that causes insulin resistance and metabolic syndrome is significantly lower in the flushing group. 28, 29) 
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